Background: Tuberculosis (TB) still remains a major cause of morbidity and mortality worldwide. In Nigeria, there is little information on antioxidant status of TB patients. In this study, effects of oxidative stress markers and vitamins C and E were investigated in pulmonary TB patients attending a health care facility in Nigeria. Methods: Sputum specimens were processed for acid-fast bacilli (AFB) while rifampicin resistance was determined by GeneXpert/Rif assay. Patients were screened for HIV after adequate counselling. Assays for hydrogen peroxide (H 2 O 2 ), malondialdehyde (MDA), protein carbonyl (PC), myeloperoxidase (MPx), xanthine oxidase (XO), catalase (CAT), superoxide dismutase (SOD), reduced glutathione (GSH), glutathione S-transferase (GST), glutathione peroxidase (GPx), α-tocopherol and ascorbic acid were estimated using standard methods. Results: Of the 83 recruited subjects, 29 (34.9%) were AFB negative, 30 (36.1%) were AFB positive while 24 (29.0%) were positive for rifampicin resistance. Overall, HIV prevalence was 6.0% while higher rate of 16.7% was found among the rifampicin resistant subjects. Plasma concentrations of H2O2, MDA and PC and also MPx and XO activities were significantly higher among rifampicin resistant subjects compared with AFB positive and AFB negative groups (P < 0.05). Plasma concentration of GSH and the activities of SOD, GST and GPX were significantly reduced in rifampicin resistant subjects compared with the 2 other groups (P < 0.05). The plasma activity of CAT was similar between rifampicin resistant and AFB positive subjects but significantly lower when compared with AFB negative group. Rifampicin resistant subjects had significantly lower concentrations of α-tocopherol and ascorbic acid compared with 2 other groups (P < 0.05). Conclusion: This study revealed that resistance of TB patients to rifampicin may be due to induction of oxidative stress. Administration of vitamins C and E may be beneficial by reducing the severity of the disease.
Introduction
Despite efforts at eradicating tuberculosis (TB), the disease still remains a major cause of morbidity and mortality worldwide. About 33% of the world population infected with Mycobacterium tuberculosis reside in developing countries including Nigeria [1] . Significant efforts are still needed to reduce the burden of the disease in Nigeria, although some progress has been made towards TB eradication in the country [1] .
Inflammation-related oxidative stress has been implicated in the pathogenesis of pulmonary TB (PTB) [2] . This is mediated by activated macrophages and results in a chronic granulomatous response with central area of caseation necrosis. These activated macrophages release a variety of chemicals including oxygen free radicals (OFRs) which may damage cells and tissues in the body [3] . Increased plasma levels of these free radicals are reportedly observed in PTB [3] . The harmful effects of reactive oxygen species (ROS) are balanced by the antioxidant action of non-enzymatic antioxidants in addition to activities of antioxidant enzymes [4] .
Infectious diseases such as malaria and TB have been reported to induce oxidative stress in the host [5] [6] . Studies elsewhere have shown that PTB is associated with increased oxidative stress and is characterized by increased levels of circulating plasma lipid peroxides and low concentrations of vitamin E [3] [7] . The total antioxidant status in PTB is a net result of the protective effect of antioxidants including glutathione [8] , dietary micronutrients (Vitamins C and E) [9] on one hand and OFRs generated from activated macrophages on the other hand [10] .
In Nigeria and in other resource-limited countries with high burden of TB, the primary focus of the National TB Control Programs (NTCP) is to scale-up diagnosis and treat infectious cases with anti-TB drugs with little attention being paid to their antioxidants status [1] [3] [11] . This study was therefore carried out to determine extent of oxidative stress and antioxidant status of PTB patients attending a secondary health care facility in Ibadan, Nigeria.
Materials and Methods

Study Area
Patients were recruited at the Jericho chest hospital (JCH), a secondary health care centre designated for management of TB in Ibadan, Oyo State, Nigeria. Ibadan has 11 local government areas with a population of about 5 million [12] . The centre has a laboratory equipped with GeneXpert/Rif machine, consulting clinic and ward for admitting patients. It receives support from the Damien Foundation, Belgium through the NTCP and Federal Ministry of Health, Abuja, Nigeria.
Study Population
The study population included patients with signs and symptoms of PTB seen at the clinic over a three months period -April to June, 2013. Informed consent was obtained from each participating subject before enrolment into the study. Those who did not give written consent were excluded. Ethical clearance was earlier obtained from the University of Ibadan/University College Hospital joint ethical review committee. A standardised structured questionnaire was used by a trained research assistant to obtain information on demographic characteristics, social and medical history of the subjects. Other important information about PTB such as previous BCG vaccination, contact with an index case and exposure to tuberculin skin test were also obtained.
Laboratory Investigations
Smear Microscopy
Two sputum samples were collected from each consenting subjects onto well labelled wide-mouth container covered with lid. Samples containing only saliva were discarded. The specimens were processed for acid-fast bacilli (AFB) using Ziehl-Neelsen hot method [13] . The staining procedure was controlled by using known AFB slide and egg-albumin stained slide as positive and negative controls respectively. Stained slides were read according to the grading system of the International Union against TB and Lung Diseases [14] .
Retroviral Screening Test
Venous blood was taken from each patient for HIV screening using recombinant ELISA kit (Human Biochemical and Diagnostic Laboratories, Germany) after adequate counselling. Those that were screened positive were re-tested using Capillus HIV 1 and 2 (Cambridge Diagnostics). Subjects who were screened positive were appropriately counselled and referred to antiretroviral center.
GeneXpert/Rif Test
Subjects with positive AFB smear after 2 months of anti -TB therapy had their sputum tested for drug resistance using Gene Xpert/Rif (Cepheid InC; Sunnyvale, CA, USA) according to manufacturer's instructions.
Assay for Oxidative Stress Markers
About 2 mls of venous blood was collected from each patient into labelled lithium heparin bottles. Blood samples were centrifuged at 4000 × g for 10 minutes. Plasma was collected into plain tubes and stored at −20˚C prior to use.
Plasma hydrogen peroxide (H 2 O 2 ) was measured using a method described by Wolff [15] . Lipid peroxidation was determined by measuring thiobarbituric acid reactive substances (TBARS) produced during lipid peroxidation using a method of Varshney and Kale as described by Farombi et al. [16] . Protein carbonyl content was estimated according to the method of Levine et al. [17] . Myeloperoxidase (MPx) activity was measured using a method described by Klebannoff et al. [18] while Xanthine oxidase (XO) activity was determined using method of Carpani et al. [19] . Plasma catalase (CAT) and superoxide dismutase (SOD) activities were measured according to the methods of Sinha [20] and McCord and Fridovich [21] respectively. The method adopted by Jollow et al. [22] was used to estimate level of reduced glutathione (GSH) while glutathione S-transferase (GST) activity was measured according to method described by Habig et al. [23] . Glutathione peroxidase (GPx) was determined according to method of Paglia and Valentine [24] . Plasma α-tocopherol and ascorbic acid levels were measured spectrophotometrically as described by Fabianek et al. [25] and Jagota and Dani [26] respectively.
Statistical Analysis
The data was analysed using statistical package for social sciences (SPSS) version 17.0. The student's t-test was used to compare mean values of all the parameters between the three TB groups. P-value less than 0.05 was considered significant.
Results
Consent was sought from 96 subjects during the period of study, of whom 83 (86.5%) gave consent and were recruited into the study. Subjects were divided into three groups based on results of smear microscopy and GeneXpert/Rif test. Group 1 were subjects whose sputum specimens were negative for acid-fast bacilli (AFB negative), group 2 were subjects whose sputum specimens were AFB positive while group 3 were those whose sputum specimens were resistant to rifampicin.
Of the subjects with symptoms and signs of PTB, 29 (34.9%) were AFB negative on smear microscopy, 30 (36.1%) were AFB positive while 24 (29.0%) were positive for rifampicin resistance by GeneXpert/Rif. Overall HIV prevalence was 6.0%. A higher rate of HIV seropositivity (16.7%) was found among the rifampicin resistant positive subjects while significantly lower percentages of 0% and 3.3% were found in subjects who were AFB negative and AFB positive respectively ( Table 1) .
Plasma concentrations of H 2 O 2 , MDA and protein carbonyl were significantly higher among rifampicin resistant subjects compared with AFB positive and AFB negative groups. The activities of free radical generating enzymes, MPx and XO were also significantly elevated among rifampicin resistant subjects compared with AFB positive and AFB negative groups (P < 0.05). Plasma concentration of reduced glutathione and the activities of antioxidant enzymes, GST and GPX were significantly reduced in rifampicin resistant subjects compared with AFB positive and AFB negative groups (P < 0.05). The plasma activity of CAT was similar between rifampicin resistant and AFB positive subjects but significantly lower when compared with AFB negative group while SOD activity was also significantly reduced among rifampicin resistant subjects compared with AFB positive and AFB negative groups (P < 0.05). Rifampicin resistant subjects had significantly lower concentrations of α-tocopherol and ascorbic acid compared with AFB positive and AFB negative groups (P < 0.05) ( Table 2 and Figure 1 ).
Discussion
Oxidative stress in PTB may be due to tissue inflammation, poor dietary intake of micronutrients, release of free radicals from macrophages and side effects of anti-TB drugs. Availability of antioxidants to neutralise the harmful effects of the generated free radicals may be one of the factors determining severity of the disease. A significant percentage (34.9%) of subjects studied were AFB negative (suspected TB) by smear microscopy. These subjects might have had their diagnosis missed by smear microscopy or presented with other pulmonary infections other than TB. Such infections include pneumonias, histoplasmosis and bronchiectasis. Missed diagnosis by smear microscopy is often associated with TB/HIV co-infections [27] . This becomes important in TB endemic communities with high HIV prevalence where smear microscopy is the only available diagnostic tool.
None of AFB negative and only one of the subjects with AFB positive smear was HIV positive (3.3%) while four (16.7%) was found among patients who were positive for rifampicin resistance. Rifampicin resistance is used as an indicator for presence of multi-drug resistant TB (MDR-TB) in about 95% of cases [28] . Multi-drug resistant TB is defined as TB isolate that is resistant to both rifampicin and isoniazid, the two most important first -line anti-TB drugs. The higher percentage of HIV infection among rifampicin resistant subjects may be related to more severe form of the disease compared with drug susceptible TB. This supports the observation that HIV infection is a risk factor for rapid progression of TB and this risk increases to about three folds in patients with MDR-TB [27] . The HIV prevalence in the current study was 6.0% which is considerably higher than 4.1% reported for the general population in Nigeria [29] . This may be due to the intense immuno-suppression which is associated with both HIV and TB infections.
In this study, it was observed that plasma levels of H 2 O 2 , MDA, protein carbonyl levels and activities of MPx and XO were significantly higher among rifampicin resistant positive patients compared with the AFB positive and AFB negative groups ( Table 2 ). Our finding is in support of submission of Kwiatkowska et al. [2] who reported that patients with advanced PTB had increased levels of lipid peroxidation products including MDA. High concentration of these molecules as observed in rifampicin resistant positive group is an indication of oxidative stress which may be due to severe inflammatory process often associated with such infection.
Antioxidant enzymes including CAT, SOD, GST and GPx and non-enzymatic antioxidant molecules namely GSH, α-tocopherol and ascorbic acid were found to be low in both rifampicin resistant and AFB positive patients compared with AFB negative group (Table 2 and Figure 1) . Similar finding was found by Wiid et al. in South Africa who reported a significantly lower antioxidant status in active PTB patients compared with noninfected controls [3] . The low level of antioxidants seen in rifampicin resistant positive and AFB positive patients may be multi-factorial. Possible factors include depletion of the antioxidant status probably through inflammatory process of the disease, lowered nutritional intake due to the illness and poor socio-economic circumstances. Vilcheze and his colleagues recently demonstrated that ascorbic acid kills both susceptible (AFB positive) and drug resistant M. tuberculosis culture isolates in vitro [30] . This suggests that ascorbic acid supplement may be of benefit in the management of TB. 
Conclusion
In conclusion, plasma concentrations of H 2 O 2 , MDA and protein carbonyl; MPx and XO activities were significantly more in rifampicin resistant positive patients compared with AFB positive and AFB negative groups. In the same vein, significantly reduced activities of antioxidant enzymes (CAT, SOD, GST and GPx), micronutrients (α-tocopherol and ascorbic acid) and depletion of the thiol compound GSH were associated with both rifampicin resistant and AFB positive patients compared with AFB negative group.
